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Physics at Y (59) (@
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Reconstruction of BY l((['

BY production fraction:

B(Y(5S) — DyX) /2 = f x B(By — DX) +(1— £,) x B(B — DyX)

we measure
| (92+11)% (8.340.7)%
with Y(55) data Model-dependent BaBar@Y (4S5)

>~ Full reconstruction using observables :

— Beam-constrained mass: Mp. = | /EZ,‘2 — p;§

5.5

— ‘Energy difference: AE = E ;9 —E; McC
545+ _
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B, — J/vfo <

— Motivation:

— Promising mode for LHCh to measure B, the CP-violating phase in the B mixing
— pure CP-odd eigenstate: no angular analysis needed

Stone et al., arXiv:0909.5442 (2009)

>~ ‘Event selection
— full reconstructionJ /W — eTe™ or WU modes
— Two fy resonances: f5(980) and fo(1370) with fo — T 7~
— select B with My.; fit My and AE distributions
— Backgrounds from continuum and other J /W modes.

— Results:
Observation of634_r18 BY — J/wfo(980) events (8.40 incl. syst.)

First evidence for 1975 B — J )y fo(1370) events (4.20 incl. syst.)
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BELLE

B) — J/vf

PRL 106, 121802 (2011)
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> B(B) — J/Wfo(980); fo(980) — w7 ) = |
B(BY — T/ ywfo(1370); fo(1370) — nt ) =[0.3410 11 (stat.)

i (syst.)
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116~ ~0.18
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> Comparable results with LHCb [PLB 698, 115], CDF [arXiv: 1106.3682] and DO [conf.

o M & O ©

note 6152/
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Belle (121 fb™ 1)
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\Phys. Rev. Lett. 106, 121802

J/wfo(980)

Hyll W

-

iy
¢ s | |[{e ¢

lll] ‘IIH [IIII

N IITIIIIII]I[TIIIIIIIITTIII]

1.6 1.8

M+

(GeV/c?)

2

-ulv

-

0.15 0.2

AFE (GeV)

S.Esen

Brookhaven Forum / October 19-21, 2011



D
o
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Observation of BY — J / yn

= reconstruct BO — J/wyn withn — yy,n — 71'+71' n°

> two simultaneous fits to AE — My, distributions for 1) sub-modes

> Branching Fraction = (5.11+0.50(stat.) = 0.35(syst.) £0.68(fs)) x 10~4
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Bg — DE*)‘D§*)+ decays and Al

> CP-even final states

— DjD; pure CP-even

— D;"Dﬁ*) predominantly CP-even B

D,

> In the heavy quark limit, while (my, —2m.) — 0 and N, — oo

sorme

> b — cCs processes contribute constructively to Al

= T[BY(CP+) — Dg*)_Dg*H] saturates AT

>~ assuming negligible C'P violation, we can estimate ALy /T’

ar, _ 228D D)
Is  1—2B9-p" D

Aleksan et. al.,, PLB 316, 567 (1993), Dunietz et. al. , PRD 63, 114015 (2001)

> 3-body DsDsX and DsjDy final states are not included

theoretical
uncertainty > D** D*~ modes may have a CP-odd component = we will measure this
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B° — D\~ p{*

arXiv:1110.2099

signal region projections

AE[—0.1,0.0] and Mj.[5.4,5.43]
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Al with CPV
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‘Bottomonia

Motivation 11.00/— Y{11020)
[ Y(10860)
— seeK/study hy, 10.75F
> search for b-versions of charmonium-like '_ _____ J4s) ___2M®_
X, 9, Z states 10.50 [~ YI°2D)
> origin of anomalous [ (2P)
gin of 1025 E YP1D)
Y(58) = Y(nS)nm O | i =
\ "/ -
K.F. Chen et al. (Belle) PRL 100, 112001 (2008); ? 00 ' S
v} (1p)
PRD 82, 091106(R) (2010) pALLS
3 —
S 975

Bottomonium
family

9.50 |-

(0,1,2)** (1,23)"
1 2
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First Observation of hy(nP) arxiv:1103.3419
o Yield, 10°  Mass, MeV/c®*  Significance
> Use missing mass method: T(1S) [105.2+5.8+3.0 9459.4 + 0.5+ 1.0 18.2¢0
_ hy(1P) 50.4 +7.873% 9898.3+1.1719 620
My, = MM(ntn~) = \/ Priss) — Ppeg-)? 0.1 I
o ( )=/ Prss) =Peen)® g0 56 =+ 19 9973.01 290
4 , T(2S) |143.5+8.7+6.8 10022.3 0.4+ 1.0 16.6 0
= T good track quality Y(1D) 220+78 101662 +2.6 240
consistent PID information hy(2P) 84.4+6.87% 10259.8+0.6717 1240
258 — 18| 151.7+£9.775 10304.6 £ 0.6 &+ 1.0 15.70
T(3S) | 45.6 +5.2+5.1 10356.7 +0.9 + 1.1 8.50
S Preliminary r2s) z
2 40000 | =
g 0000 © I(1S) f h,(2P) ’\
20000 | '}\n . hy(IP) ‘ M yas)
10000' , ! i YD) | f ﬁ
ﬂ i U‘) "'1 h "
l 10. 2 IO 4
M ss(GEV/C?
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D
Observation of hy(nP) : what we learned

> Masses are in very good agreement with CoG of X, states
hy(1P) : AM = 1.6 £1.5MeV /c?
hy(2P) : AM = 0.51 SMeV /2
Consistent with hyperfine interaction

> Ratio of production rate :

C(Y(58)—hy,(1P)nt 0.0
(( ((ss?)ef((zs));if— = 0.46 %+ O-OSJ—FOJZ

C(Y(58)—h,(2P)n n—
T(XY(3S)—=Y(2S)ntn—

Process with spin flip is not suppressed in X (5S) as expected
> search for hy(1P) at Y (4S):

(eTe™—hy(1P)m T~ )@Y (4S)
§<e+e—ﬁhi<1p>§+§ T@rs) < 0-28(90%CL)

Y (4S) decay to hy, is not enhanced

0.22
— 0.77+£0.0879%2

= hy, through exotic mechanism?

S.Esen Brookhaven Forum / October 19-21, 2011
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D 1
Source of hy, : Zp arXiv:1110.2251 l@

>~ Inspect the mass of hp T : ook at the missing mass of a single pion

>~ Masses, widths and relative amplitudes from five channels are consistent

Z,(10610) : Z,(10610) Z,(10650)
M=1060724+20MeV /2 — -
I'=18.4+2.4MeV e 1
(2S)n’n T B B |
Zb(10650) . :
Y(3S)n'n ' = |
M=106522+15MeV /> j
[=11.54+22 Mer/ Al I B e T
hl(ZP)rr'rt —'— — " o
Average "' il g
“.1|C‘)“‘0”“110A AAAAA 1l('..)“ 0 “l1|d .... 1IC.)“‘0““110“‘
AM, MeV All, MeV AM, MeV

> Relative phases are swapped for final states Y (= 0°) and hy(~ 180°)
explains why Y (5S5) — hpT are not suppressed compare to XTI

> Masses of Zp, are close to B*B™) thresholds
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hy(1P) — Np(18) Y arxiv:1110.3934 l(([

> Expected decays of hy,

hy(1P) — ggg(57%), Mp(15)Y(41%), v8g(2%)
hy(2P) — g88(63%), My (18)Y(13%),15(25)Y(19%), v88(2%)

= method:

— reconstruct T, T and Y from decay chain:
Y(SS) — Z;TL'*,Z;— — hb(lp)ﬂ'Jr,hb(lP) — T]b(IS)’}/
—fit MM (7Tt spectra in AMyiss (T T Y) bins

AM,iss (R~ Y) = MM (7t~ y) — MM (n" ™) + M (hy,)

(@]
T

— Require intermediate Zp, :
10.59 < MM(w) < 10.67 GeV

o
——

> results:
M(ny(15)) =9401.0+ 1.97)3 MeV /2
D, (15)) = 12443311 Mev
B(hp(1P) — np(18)y) =49.8 £6.871%° %

h,(1P) yield, 10° / 10 MeV/c®
N

LN

8.8 9 9.2 9.4 9.6 )
+ -

AM_. ('), GeV/c
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Summary l(:[

— Belle collected 121.4 fb~" data at the Y(55)
> Observation of BY — J /¥ f(980) and first evidence of BY — J /¥ f(1370)

> improved branching fraction measurement of B — Dg*)Dg*)

— constraint on ALy /T
= First observation of two bb states: hy,(1P) and hy,(2P)

— masses are consistent with expectation (COG) arXiv:1103.3419
> First observation of two charged bottomonia resonances

— seen in 5 final states with consistent parameters

— masses are close B*B and B*B*
> First observation of hy(1P) — Mp(1S)y
— first measurement of Mp(18S) width

— BY, mass, width in agreement with theoretical expectations

>~ more is coming!
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<5 Properties of hy,(nP) (@

= bb states with spin 0, L= 1,JFC =17~
Y(5S) — hy(nP)T 1t~ decays should be suppressed due to spin-flip

> expected mass (CoG of Xpy) : Mp, = (My,, +3My,, +5My,,)/9
AMpyF = test of hyperfine interaction

i

40001
>~ Radiative transition to Mp(nS) -
3000F

IIIIlIIlI

> ‘Evidence from BaBar (arXiv:1102.4565) 2000f
Y(3S) — nh(1P) — nlym,(1S) -

olt

—

-1000

20001

I =
9.95 10
m__(n’) GeV/c?
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B) — J/Wfo @
3 : S 10
: o £,(980) F0(1370) 3" f,(980) H
g °F 4
4
2F 1 ife 2» | ]
8.2 0.4

M__ (GeV/c?)
M = 1.405 + 0.0157 9 00r GeV /c?

- +0.014
I = 0.054 + 0.03370013 GeV

Mass and width of £ (1370)
in good agreement with PDG

Observation of B, - J/y £,(980)
First evidence of B_ - J/y £ (1370)

£,(1370)

|

“1 -0.8-06-04-0.2 0 0.2 0.4 06 0.8 1
cos(6,,)

Events/0.1

O N W aea OO N®

Helicity angle distribution is
consistent with f being scalars
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